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Droplet microfluidics: technologies and applications
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Abstract: Droplet microfluidics is a new area in microfluidics research and has been extensively studied
and reported due to its various unique advantages． In this paper，we review the preparation and wide
range of manipulation technologies of microdroplets including splitting，coalescence，mixing，sorting，
storage，coding，etc． ，as well as their applications in chemical and biochemical analyses; we also envi-
sion the future developments of droplet microfluidic technologies．
Key words: droplet; microfluidics; micro total analysis system; lab-on-a-chip; review





















频率［7］。目前，液滴的制备主要有 3 种方式: 正交结
构( T-junction) 、流式聚焦( flow-focusing ) 和共轴流






以水为分 散 相、油 为 连 续 相 制 备 液 滴 ( 如 图 1 所





油包水( W/O /W) 型和油包水包油( O /W/O) 型的
双重液滴乳液; Wang 等［11］则使用双“T”结构的芯
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片成功地制备了气 /液 /液 ( gas / liquid / liquid ) 三相
液滴流。
图 1 正交结构芯片及非连续相( 水) 引入
连续相( 油) 中形成液滴［8］
Fig． 1 T-junction structure chip and the discontinuous
water phase introduced into the continuous oil
phase for droplet generation ( reprinted with
permission from Ref． ［8］)
图 2 采用流式聚焦构型的微流控芯片［12］
Fig． 2 Flow-focusing geometry implemented
in a microfluidic device ( reprinted

















察了液滴的平行制备( 如图 3 所示) 。







Fig． 3 Schematic illustration of the systems of
flow-focusing generators ( reprinted
with permission from Ref． ［15］)
a． a single flow-focusing generator; b and c． coupled flow-focusing
generators．









Fig． 4 Schematic of the co-axial flow experimental setup



























Fig． 5 Optoelectrowetting-induced splitting process ( reprinted with permission from Ref． ［20］)
图 6 多级“T”型芯片控制液滴被动分裂［21］
Fig． 6 Sequential application of passive breakup
using T-junction structures ( reprinted
with permission from Ref． ［21］)
图 7 芯片几何构型控制两液滴的融合［23］
Fig． 7 Merging of two droplets based on geometric


































2 ms) 。Paik 等［28］报道了一种电润湿法( electrowet-
ting) ，通过施加电压调控液滴的表面张力，在液滴
流经电极阵列的过程中完成液滴内的混合，微升级
的液滴在 5 s 之内得到有效混合。
图 8 弯道构型芯片控制液滴内的快速混合［27］
Fig． 8 Rapid mixing in droplets manipulated
by serpentine structure ( reprinted




















Fig． 9 Droplet sorting based on dielectrophoresis












没有严格限制( 只需延长管路长度即可) ( 见图 11) 。
图 10 基于多重孔道结构的微流控芯片对液滴进行俘获存储［33］
Fig． 10 Trapping storage of droplets based on
microfluidic trap array ( reprinted
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图 11 采用毛细管对液滴进行收集存储［34］
Fig． 11 Collecting storage of droplets using a capillary









的目 标 液 滴，通 过 毛 细 管 电 泳 进 行 进 一 步 的 分
离 分析( 如图12所示) 。Schmitz等［37］ 报道了使用
图 12 对液滴进行顺序编码收集［34］
Fig． 12 Sequential coding and collection of droplets





Fig． 13 Two dimensional liquid chromatography-capillary electrophoresis separation based on a droplet interface and
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图 14 使用 MALDI-MS 检测的反应监测系统［40］
Fig． 14 A reaction monitor system based on
MALDI-MS detection ( reprinted












Schaerli 等［43］报道了一种高通量液滴 PCR 的微流












图 15 高通量液滴 PCR 实验装置图［43］
Fig． 15 Design of a high throughput droplet PCR device






纳升级，并获得了毫秒级的分辨率( 如图 16 所示) 。
图 16 基于液滴的快速酶反应动力学监测［45］
Fig． 16 Measuring rapid kinetics of enzyme reaction













内，并进行分析和检测( 如图 17 所示) 。
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第 10 期 肖志良，等: 基于液滴技术的微流控芯片实验室及其应用
图 17 液滴对单个细胞进行封装［47］









氧烷( PDMS) 、聚甲基丙烯酸甲酯( PMMA) 、聚碳酸
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